DOCOHBHI BISOHE 



BD 151 227 

AOTHOR 
TITLE 

SPrHS AGENCY 

PUB DATE 
NOTE 



: SB 0211 038 

McMiilienV D« • , 

Basic Ion Exchange Softening^* Training Module 

Departient of Labor^ Washington, Iowa State* 

Dept. of Environaental Quality, Des Hoines* 
Sep 77 

64p.; Tor related docuients, see SE 02a 025-047; 
Contains occasional light and broken type; " 
Transparency 16 removed due to copyrig,ht 
restrictions 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



ABSTRACT 



MF-$0.83 HC-$3.5P Plus Postage. 

♦Instructional Materials; ♦Post Secondary Education; 
Secondary Education; ♦Teaching Guides; ♦Units of 
Study " 
Ion Exchange; ♦Operations (Water) ; ♦Water 
Treataient . 



This document is an 
prepared in objective form for use 
exchange softening. It includes obj 
student handouts, and transparency 
of a three module series. The modul 
components, operation, maintenance, 
ion exchange softening units. It is 
little or no operating experiences. 



instructional module package 
by an instructor familiar with ion 
ectires, an instructor guide, 
masters. This is the first level 
e considers the principles, 

laboratory control and safety for 

designed for individuals with 

(Author/RH) 



♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ Reproductions supplied by SDRS are the best that can be^ made ♦ 

♦ ' , . from the original document.- ♦ 



EDUCATION A WCLFAKC 
NATIONAL INSTITUTE OF 
^ EDUCATION , , 

THIS DOCUMENT HAS 8EEN^ REPRO. 
?HP^o^o^.i'^''^^ AS RECfelVEO FrSm 
I^.l^^.S^SI! ORGANIZATION ORIGIN- 
tJJi^JJ '^^'^^S OF VIEW OR OPINIONS 
IJtrn^i^ NECESSARILY REPRE* 

c^m!.??^'^"^*- NATIONAL INSTITUTE OF 
EDUCATION POSITION OR POLICY 



BASIC ION EXCHAHGE SOFTENING 
Training Module 2.210.2.77 



"PERMISSION TO REPROOUC& THIS 
MATERIAL HAS BEEN GRANTED BY 

Mary A n Bruett ' 



Prepared for the 

Iowa Department of Environmental Quality 
Wallace State Office Building o 
Des Moines, Iowa 50319 



by 



Dr. L.'D. McMullen 
Design. Engineer 
Des Moines Water Works 
Des Moines, Iowa 50309 



TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) AND 
USERS OF THE ERIC SYSTEM/' 



The publication of these training materials was financially' 
aided through a contract between the Iowa Department of 
Environmental Quality and the Office of Planning and Program- 
ming, using funds available under the Comprehensive Employment 
and Training Ac^t of 1973. However, the opinions expressed 
herein do not necessarily reflect the position or .policy ^of 
the ir. S. Department of Labor,' and no official endorsement by 
the U. S. Department of Labor should be inferred. 



September, 1977 



' . ' .TABLE OF CONTENTS 

. ' V • Paae 

' I- INSTRI^CTOR GUIDE ^ • , ^ . . o 

'Abstract " ' ^ 1 

Summary *2-3 ' 

Introduction '4-6 

Principles of lon-^ Exchange Softening 7-9 

Components of Ion Exchange .Softener '10-11 

. / Basic Operation ^f Jon Exchange Softener " 12-13 

Water Stabilization \ 14-15 

^ Prev.entative Maintenance 16>t17 

Safety ■ ^ * 18-19 

Laboratory Control ^ 20-21 

Evaluation * ! ' 22-23 

II. TRANSPARENCIES ; 

What is Hardness ^ ^ #1 

What IS Softening^ ' *^ #2 

Why Soften /. . " " • 

1. Advantages - ; ' • , #3 ^ 

2. Disadvantages- ' ' * ^#4 
* Review of Terminology . ^ ^ \ #5 

, Regeneration Reactions . ^ ^ " #6 

Softening Reactions in the Resin #7 

Regeneration Reactions, #8. * 

Basic C(»i1ponent$ of a^Softener * * #9. \ ' 

Basic Components of a Brine Tank #10 

'Regeneration of a Softener. #11 

' Salt Dosage for Regeneration ' ' #12 

Typical Data Sheet #13 

Factors Affecting 'Water Stabilization ' #14 

Ryznar Index ; - . #15 

Saturation pH #16 

Preventative' Maintenance . " - #17 

Safety . ^ #18 . 

Laboratory Control ^ / • #19 

Soap Test ^20 

III. CLASS PROBLEMS - . 

Problem §^ J \ . , 
Part A 

Part B » 
Problem #2 

Problem i3 ■ . 
Problem ^4 • - . 

IV. CLASS HANDOUT . ■ , - . ' ' 

V. EXAMINATION 



3 



■ / 



INSTRUCTOR GUJDE 
for " - 
Training Module- II2S^S 



\ 



.4 



Page_2 of 



Module No:' --Module Title: 

Basic Ion Exchange Softening ' 

II2SWS ' ' Submbdule Tiiie^ T ' 

Apgr,ox. time: . 

Topic:,.. , ■ - ■ 

10 hour s. • Summary ' ~ 

Objectives: Upon completion of. this module, the parti qi pant will be able to: 

1. Describe the operation of a basic ion exchange softener, 

2. » -Describe the maintenance of a basic ion exchange softener. 

3. Describe the laboratory control necessary, for ion exchange. 
4-. Describe the safety requirements for ion exchange softening. 



Instructional Aids: 

1 . Handout • 

2. Transparencies #l-#20 



Instructional Approach: 
Discussion and Class Problems 



References: 

1- Manual of Instruction for Water .Treatment Plant Operators . 
Health Education Service . , 

2. Manual- of Water Otility Operations , Texas Water Utility Assoc.. 

3. Elements of Ion Exchange , Kunin 

4. standard Methods for the Examination of J^ater and Wastewater .,- 14th Ed. 

5. Methods for Chemical Analysis of Water and Waste . EPA 



Class Assignments: 

The participant will • 

T. " Read Handout 

2 . Compl ete^ Prob'l ems- #1 -# 4 
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'Module No: 
II2SWS 



Topic: 
Summary 



Instructor Notes; 



Instructor Outline: 



!• Distribute Handout 



2. Present Transparencies 



Discuss and identify the* purpose, operation, 
maintenance, laboratory control and safety 
requirements for ion exchange, softening^. 
Give evaluation, of 30 questions. 
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Module No: 
II2SWS 


Module Title: 

Basic Jon kxchanap .Softenina . " ' - ' 


Cubmodule Title: 


Approx. Time: 
1/2 hour 


Topic: 

Introduction ' ' « 



1. Describe what hardness is. • 

2. Describe what ion exchange softening .is. 

3. State advantages of ion exchange softening. 

4. State disadvantages of ion exchange softening- 



Instructional Aids: 

). Handout - Introduction 

2. ' Transparency #1-What is Hardness. 

3. Transparency #2-What is Softening. 

4. Transparency #3-Advantages ""of ion exchange. 

5. Transparency #4-Disadvantages of ion exchange, 

6. Transparency #5-RevieW' of Terminology. " 



Instructional 'Approach: 
Discussion 



References: ^ • . ' 

1. Manual of Instruction for Water Treatment Plant Operators , 
Health Education Service . ^ 

2. Manual of Water Utility Operations .Texas Water 'utilities Assoc. 

3. Elements of Ion Exchange , Kunin 



Class Assigrvnents:- 
The participant will 

1. Read Handout - Introduction 
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•lodule No: 
.II2SWS 



Topic: 

Introduction 



Instructor Notes; 



Instructor Outline: 



•1 . Present Transparency #1 



1. Discuss What Hardness Is. 

a. Chemical Components of 41ardness 
Types of Hardness 

1) Carbonate 

2) , Non cjarbonate 
Typical Hardnesses in the U.S. 



c. 
d. 



Typical Hardnesses in Iowa. 



2. Present Transparency i2 



2. 



3. Present Transparency #3 
. and #4 



3. 



Discuss What Softening Is. 

a. Removal of Hardness 

b. Types of Softening 

1) Chemical . 

2) ^ Ion exchange 

Why Soften \ , 

a. Advantages 

1. Consume less soap and detergent. 
• 2, , Increase the life of clothing 

and other articles being cleaned. 
' 3. Increase the life of ; pipes and 
fixtures, heating systems, and 
boiler shells and tubes for 
depositing water. 
Certain indus^trial processes 
require it. 

5. Some indications that hard water 
' may'be the cause of certain ^ 

^ cardiovascular diseases. 

6. Remove radioactive nuclides. 

b. Disadvantages 

1. With improper control, softened 
water maJy be more corrosive or 
sealing than the raw water. 

2. If ion^exchange softening is 
used, the sodium content of the - 
water is greatly increased with 

a potentialcardibvascular health 
hazard to certain people. 



4. 
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flodule No: 
II2SWS 



Tqprc-: ' . 
Introduction 



Instructor Notes; 



4. Present Transparency §5 
Ask the class to. provide 
the in^structor with the 
correct definition for 
each term and write it on 
the transparency. 



Instructor Outline: 



b. Disadvantages (continued) 

3. If ion exchange softening 
is used, the total dissolved 
solids of the product water 
is increased. \ ^ 

4. With both processes, g waste 
sludge or waste brine has to 
be disposed of. 

4. 1. Hardness-The concentration of Calcium, 
Magnesium and other divalent cations 
found in water. 

2. Carbonate Hardness-That portion of 
hardness that is in combiwtion with 
biocarbonate. 

3» Non Carbonate Hardness-That "portion 
of hardness that is in combi.nation 
with sulfates, chlorides, nitrates 
and other anions* 

. 4. Softening - The removal of hardness 
■ions' from the water. 

5. Chemical Softening • The removal 
of hardness ions by precipitatiop 
with lime and soda ash. 

6. Ion Exchange Softening - The removal 
of hardness ions by exchanging them 
with sodium ions. 
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jWodulaNo:* 
II2SWS 


Module Title: 

Basic Ion Exchange Softening 


Submodule X^tle: 


Approx. Time: 
1 1 hour 


Topic: 

Principles of Ion Exchange Softening 


?''wm'r'thr^^^^ participant will be able to: 
1. write the chemicul reactions for ion exchange softening 
write the regeneration reactions for ion exchange softening 



Instructional Aids;- 

Handout / Principles of Ion Exchange Softening 
*Transp^ency #6-Softeni.ng reactions 
Transparency #7 - Softening reactions In the resin 
Transparency #8 - Regeneration reactions 



Instnittional Approach: 
Discussion and Class problem 



References:! 

^- Manual of Instruction for Water Treatment Plant Operators 



2. 
3. 



Hea I tn education Service " ^^P^ 

Mo!!!L°^ "j^?^*" c^^'^'^y Operations, Texas Water Utilities Assoc. 
Elements of Ion Exchang e. Kunin 



Class Assignments.: , 
The participant will 

1. Read Handdut - Principles of Ion Exchange Softening 
Z. The partic|pant will complete .Problem #1 on chemical reactions 



ERIC 
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•lodule No: 
II2SWS 



Topi c : . 

Principles of Ion Exchange Softening 



Instructor Notes: 



1. Present Transparency #6 



2. Present Transparency ji'7 

3. Present -Transparency #8 



4. Repeat Trar«;parency #7 



5. Present class Problem #1 
■ Work part A. with class 
parti cipati on." ■ Have 
class work part B. on 
their own and help those 
with problems. 



Instructor Outline: 



1. Discuss-. the softening reactions. 
fC^ ((HC03)^ 




2. Discuss the "reactions taking place inside 
^ the resin. 

3. Discuss the regeneration reactions.'. 
If^^JL -f 2NaCl---> 

• Na2 Jl + [^^ Cl2 ' 

4. Discuss the reaction taking place inside' 
the r6sin. 

5. Part A ■ ' 
1 . 2 moles • 

(2 nioles) (23 mg/„ , , 
71 mg/l Na increase 

3. (250 mg/l )/„52mg/«, mole) C" "«/m ™,le) 
62 mg/l Ca ariginally 

solids increase ^ 71-62 = 9 mg/l 



u 
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'lodule No: 
II2SWS 



Topic: . . _ 

Principles of Ion Exchange Softening 



Instructor Notes: 



Instructor Outline; 



■ .1 



5. Part B ^ 
^. Z 

2.. (250 'ng/l)/(i2o„,g/mmole)(2'"^l") 
(23 mg/ro mole) = • . 

95 mg/l Na increase for Mg ' j 

/. total increase = 71 + 95 = 106 mg/l ^ , 
Na increase 

■ 3. (250 nig/p/(,20 mg/m niole)<25 mg/m mole) 
= 50 mg/l Mg originally. 

I 

I • 

• • solids increase for Mg would be: 
95-50 = 45 mg/l 

Ihd total increase would be: 
9 + 45 = 54 mg/l 
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Module No: 


Module Title: " 




Basic Ion Exchange Softening 


n2sws 


Submodule Title: - . 


Approx. Time: 






Topic: 


1 hour 


Components of Ion Exchange Softener 



1. Identify the basic components of an Ion Exchange Softener. 



Instructional Aids: 

1. Handout - Components of Ion Exchange Softener 

2. Transparency- #9- Basic Components of an lort Exchange Softener 

3. Transparency #10- Basic Components of a brine tank 



Instructional Approach: 
Discussion 



References : 

1- Manual of Instruction for Water Treatment Plant Operators 
Health Education Service 

2. Manual 6f Water Utility Operations . Texas Water Utilities'^Assoc, 

3. Elements of Ion Exchange ^ Kunin 



.s 



Class Assignments: 
The participant will 

1 JRead Handout - Components of Ion Exchange Softener 

Complete Problem #2 identifying components of a softener. 
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f-lodule No: 
II2SWS 



Topic: 

"Components of Ion Exchange Softener 



Instructor Notes: 



Instructor Outline: 



1. Present Transparency i9 



2. Present Transparency -ilO 



3. Present Class Problem i2 

Hava class match name of 
component with. number on 
their own. Then work the 
- . problem with class 
participation. 



1. Discuss the Components of the Softener. 

a. Identify each 

b, . Purpose of each 

2. Discuss the components of the Brine - ' 
Tank 

a. Identify each 
' b.. Purpose of each 

3. Review the components and purpose in working 
the problem. 
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Module No: 



II2SWS 



Approx. Time: 



2 hour 



Module Title; 



Baiic Ion Exchange Softening 



Submodule Title: 



Topic: 

Basic Operation of Ion Exchange Softener 



Objectives: Upon completion of this topjc, the participant will be able to: 

1. State the steps necessary to regenerate a softener. 

2. State the reason for ^ach step of regeneration. 

3. Compute when a softener should be regenerated. 



In/tructionaT Aids:; . . , / ; 

1. Handout - Basic Operation of lon^ Exchange Softening 

2: Transparency #]l,- Softener regeneration 

3. Transparency #12- Calculations for regeneration 

4. Transparency #13-TypiGal data-sheet 



Instructional Approach: 
Discussion, and class probl< 



Refere,nces : 

1 . Manual of Instruction for Water Treatment Plant Operators > 
Health Education Service 

2. Hanual of Water Utility Operations > Texas Water Utilities Assoc. 

3. Elements of Ion"Exchange > Kunfn 



Class Assignments: 

1. The participant will read Handout -.Basic Operation of Ion Exchange 
Softening 

2. The participant will complete .Problem #3 calculating when a softener 
should b^.j:u5^nerated and how much ;salt should be added to the softener. 
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HodiOe No: 
II2SWS 



Tapi c : 



Basic Operation of Ion Exchange Softeners 



Instructor Notes: 



Instructor Outline: 



1 . Present Transparency #T1 

\ 

2. Present Transparency §12 

3. Present Transparency #13 



4. Present Clan's Problem iSi3 
Have class work problem 
on their own. Then work 
the problem with class 
participation. - ' 



1. • Discuss the Regeneration of a .softener.. •/ 

a. ■ Identify which valves are to be 

opened and closed.' - | 

b. Discuss the reason' for each step-. / 

2. Discuss, the. pounds of salt required to / 
regenerate a softener, " ; ' 

3. Discuss the items on the data sheet and • 
their importance. 

■ ■ • ■ : ' i: 

4. Review the salt dosage for regeneration in ' 
working the problem. • . 

a. (174) (1.1 ,500) = 1,000,000 grains capacj'ily. 
water contains 170/-] 7 = 10 grains 

^ hardness .*. for ful<T.*:je'xhaustton capacity 

is 1 ,000,000/^0 =400,000 gallons of Water 

b. (1 00^000) C2/3) =' 66,667 gallons of later 

c. (.5) (.1000) = 500 lbs of salt 

d. (.3) (667) = 200 lbs of salt ' v" 
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Module No: 



II2SWS 



Module Title: 

Basic Ion Exchange Softening 



Approx* Time: 



2 hours 



Submodule Title: 



Topic: 

Water Stabilization 



Objectives JJpon completion of thii topic, the participant will be able to:. 

1. Determine. the proper water composition for the water distribmion ^ . 

system. • ^ ' . ' . 

Z. Determine the proper chemical feeds to obtain the necessary water - . 

stabilization. r . 



Instructional Aids: 

1. Handout - Water -Stabilization / ' ^ 

2. Transpcgrency #14 - Factors affecting water stabilization. 

3. Transparency ?15 - Ryznar Index ^ 

4. Transparency #16 - Saturation pH. 



Instructional Approach: 
Discussion and class problem 



References : " . / 

1-* Manual of Instruction for Water Tr^eatment Plant Operators , 

. Health Education Service 
2.. Manual of Water Utility Operations /. Texas Water Utilities Assoc. 
3. Elements of Ion Exchange . Kunin 



Class Assignments: / 

, 1. The participant will read Handout-Water S.tabi 11 zati on 
2. The participant will complete Problem #4-Water Stabilization 
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•lodule No: 

c 

II2SWS 



Topic: 

Water Stabilization' 



Instructor Notes: 



K Present Transparency #14 



2. Present Transparency #15 



3. Present Transparency #16 



4. Present CI ass^ Problem #4 
Have class wo^rk problem , 
on their*'own. "Then work 
the problem with class^ 
participation. 



Instructor Outline: 



1. Discuss the factors and their importafjce 

in water stabilization.. Discuss .by' passing 
water to achieve a 80 mg/1 finished water. 

: 

2. Discuss^ the Reizener curvet and equatix)n. ■ 
V Poirit jotit the index is only a guide andP. 

' not absolujtev- For cold water a S.I. of 
6;0 is a good starting point. 

3. Discuss the use of the diagram for use in 
calculating pHs. Work problem at bottom 
of diagram. 

4. Review, the. idea of bypassing to obtain the 
desired water.. Then calculate the proper 
finished water^pH. ' " ' ; 



a) 
b) 



80 
360 



X 100 27% 



Hardness =^ 360 X.27% = 80 mg/1 ,as CaXOa 

Calcium = 180 X 27% = 49 ing/l as' CaC03 \. 

.Alkalinity =^300 mg/1 as CaCOs * ^ 

Temperature = 60^F * , ' 

^/pH =7.3 " . ^ 

Total Dis>solved .-Solids = 1000 mg/1 . 

Note : TDS has little effect on^pHs,^ 
therefore, assume a*vaV;e slightly 
h.igher th^an natural water. 



c) pHs = .9.30 + .2 + 2.07 1.31 
= 7.77 • 
. pH = 2(7.7.7) - 6.0 = 9.5 



-2.49 
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Module No: 



II2SWS 



Appr*QX. Time: 
1/2 hour 



Module Title: 

Basic Ion Exchange Softening 



•^1 



¥- 



Submodule Title; 



'A 



Topic: 

/ 

Preventative Maintenance 



Objectives: upon completion of this topic, the /articipant will be4ble to: 

/ ^ 

1. State those itpms necessary for a basic pr*eventive maintenance .program. 



Try ■ 

Instructfonal Aids: \ 
0 . Hajidout Preventative 'Mai ntenance 
2.^ Transparency 17-Preventati ve Maintenance 



Instructional Approach: 

^Disciil'sfibn vf!;/ 



References-: . . ' 

1 . Manual of Instruction for Water Treatment Plant Operators , 
' Health Education Service 

2. Manual of Water Utility Operations > Texas Water •Utilities Assoc. 

3. Elemegts of Ion Exchange , Kunin 



Class Assignments: • , 

1. The participant will read Handout.- Preventative Maintenance 



.7^ 



Page 17 



of 



f-lodLile No: 
II2SWS 



Topic: . . _ 
Preventative Maintenance 



' Instructor Notes: 



1. Present Transparency #17 



Instructor Outline: ' ' 



,1. Discuss Preventative Maintenance for a 
zeolite softener. 



/ 
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Module Nor 



II2SWS 



Approx. Time; 
1/2-hour 



Module Title: 

■ /• 

Basic Ion Exchange Softening 



ubmodule Title: 




Objectives: Upon/completibn.of this topic, the participant will be able to: 

1. State the potential hazards in operating a/ion exchange softener. 
.2. State the proper corrective measures to myntmize safety hazards. 
3. State theiproper actions required after an accident. 




Instructional ..Aids: 

1. Handout - Safety 

2. Transparency #18 - Safety 



\ 



Instructional Approach: 
Discussion 



References : 

!• Manual of Instruction for WatefivTreatment Plant Op,eratbrs > 
\ Health Education Service '11 

2. Manual of Water Utility Ope rati on s^ /Texi<; Water Utilities Assoc. 

3. Elements of Ion* Exchange / Kunin / 



Class Assignments: 
1. The participant will read Handout - Safety 



2.1 
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Topic: 
Safety 



Instructor Notes: 



1 . Present Transparency #18 



Instructor Outline: 



1. Discuss safety in operating a zeolite 
softener. 



V 
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Module No: ' 

JI2SWS 
• Appri%.i Time: . 

Ik hour - , 4^ ^ 


Module Title: 

:3a^ir Ton Fxrhangp Snft.tfhing 


Sli^module Title: 

■ V ■■- 


TopicK^ 

Laboratory Control * . ' 


Objectives: Upon completion of this topic, the participant will be able to: ^ 

1. Select the proper^ analytical tests for operational control. 

2. Explain the necessary analytical tests for operational control 

3. Interpret the results of analytical tests use in operational control. 

\ 1* * 

\ . • • /• s 

. ? , 

f » \ " * m** ' • , 

\ \ • • - *f 


Instructioniil / 

1 . Handout-ka 
. 2. Trans pa rM 


lids: \ . ' . 

boratory Control .* ^ " ^ 
cy #19 Laboratory Control ' ' . 
;y #20 - Soup Test 

v ■ ■. .■■ ' \ 


•Instructional 
Discuss.ion anc 

' \ 


ppVdac 
clap 


:h: ^ ^ ^ f \ ^ 
problem ' * \ - • 

. . ' 1 ■ , • • 


References : 
K Standard M( 


^thodk 


{ ■ r : ■ ■ * 

^4 - * 

for the Examination of Water and Wastewater/ 14th Ed. 




rlCheliical Analysis of Water and Waste, EPA 


; 




■ » 

f 


Class Assignments^ 
1 • The participant \ 

> 


^Wll, read Handout; - Laboratory Control 

23 • \ \ . 
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Topic: 

Laboratory Control. 




IJ present Transparency #19 



2. Present Transparency 120 

* A 



Instructor Outline: 



1» Discuss the various laboratory analysis 
- and the need for each* - 

2. Discuss the soap test* . 
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I Module No: 



n2SWS 



Approx. Time: 
1 hour 
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Module Title: 



Basic Ion Exchange Softening 



Submodule Title: 



Topic: 
Evaluation 



Objectives: ^ \ 

The participant should be able to answer correctly 30 of the 36 
questions asked. 



Instructional Aids: 
None ' 



Instructional ApproacH: 
Examination 



References ; 
None 
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TDpic: 
Evaluation 



Instructor Notes: 



Instructor Outline: 



1. Distribute exam. Each 
participant' is to complete 
the exam independently 
and with no books or 
notes. Collect after 
1 hour. 



\ 
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Training J^odule II2SWS 
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. WHAT IS RARDNESS ? 

1. Chemical Components ' 
A) Ca"^ 

b) Mg'''' 

c) Other 

2. Types of Hardness 
' a) ' Carbonate 

Ca(HC05)2 or Mg (HC03)2 
' b) . MoN Carbonate 

o ^ 

CASOfc OR. Mg(Cl)9 
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WHAT IS SOFTFNRJr. ? 



1. Removal of Hardness 

2. . Types ■ • 

a) Chemical precipitation 

b) Ion exchange 



29 



■.. Transparency II2SV!S - .i!-2 



m SGRHl? 



Advantages -.^ ' " 

a) Consume less soap and detergent ' 

b) IncF^EASE the life of ClJOIHING AND OTHER ARTICLES 
BEING CLEANED, • - ' ■ 

c) Increase the life of pipes and fixtures^ heating 

SYSTEMS^ AND BOILER SHELLS. AND TUBES IN DEPOSITING 
WATER, . 

d) Certain industrial processes require it," 

e) Some indications that hard water may be the cause 
OF certain cardiovascular diseases. . ^ 

f) Remove radioactive- nuclides. 




TRAfJSPARENCY II2S1'IS - ,5. 



liOOEEiZ 



DlSADV/\NTAGES. 

a; With impropeu control softened water my be 

MORE CORROSIVE OR SCALING.THAN THE, RAW WATER. 
B) If ION EXCHANGE. -SOFTENING IS USEE)/ THE SODIUM ' ' 
CONTENT OF THE WATER IS GREATLY INCREASED WITH 
. A POTENTIAL CARDIOVASCULAR H(J\LTH HAZARD TO, 
CERTAIR PEOPLE. - 

c) If ion exchange softening is used^ the total 

DISSOLVED- SOLIDS OF THE PRODUCT WATER IS INCREASED. 

D) I'/lTH BOTH PROCESSES^ A .WASTE -SLUDGE OR %STE BRING 
HAS TO BE DISPOSED OF. ' > * 
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RE\/IP'! OF TERJ^inoi nr.Y 
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1. Hardness ~ • ^ 
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2. Carbonate- Hardness - 

> V 

ft 


- ' \ - . ■ 


- 






3, NONCARBOr^TE ("Iardness - .. 
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^. Softening - ^ 










5. Chemical Softening - 
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6. Ion ^ EXCHANGE SOFTEf^lfiNG - 
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B;mcn-]P0:EITS0FAS0FTB1ER. 



. 6 



Inlet valve' 

Backwash, control valve 
Outlet' valve 
Backwash outlet valve 
Briue. to waste valve 
Brine control valve 
Bottom manifold 
Top manifold ^ 
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SOFTENER EXTERNAL VIEW 






7^. 




SOFTEN ER INT ERNAL VIEW 

36 ^ mmmuxm^-^. 



\ 




'SALT mm FOR RF6F;F,R.^IQ:! 



1. Full exhaustion - ",5 lbs/IOOO grains rb-iovep . 

2. 2/3 EXHAUSTION - .3 lbs/1000 grains removed 

« 

EyA^PLE: . ■ . 

Softener contains resin having a total capacity, of 200^000 
GRAINS. For FULL exhaustion^ the salt dosage WOUU) BE: 

(.5\LBs/1000 grains) (200:,000 grains) (1 grain/^qoo grains) 

100 LBS of SALT 



For 2/3 exhaustion/ the salt dosage i^uld be: 



(,3 LBs/1000 grains) (200/000 gf^ins) (1 grain/iqqq grains) 

10 LBS OF SALT 
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£6ElER/\Tld:i OF A'SORBJEP; 



Rill 




■ IV, ^Asic OpERATIOIy^ OF -lON EXCFWJGE SOFTEIER 

'Regeneration 

1. BaCKI'/ASH SOFTEr^R FOR FIVE MINUTES OR UNTIL V,'ASHl#.TER 
IS CLEAR^ h-HICH EVER ONE IS LONGER, . 

2. " Add THE required ^'DUnt of brine- to the softener fro-i 

THE gRINE SATURATOR. 

l3. COMTINUE AH)ING ViATER AT A SLaV RATE UNTIL A SALT TASTE 
I^S NOTICED AT "mE WASTE. ' 

I. DlSCONTI/JUE WTER^ADDITION AND ALLOIV BRINE TO REMAIN IN 
r SOFTENER FOR I5r30 MINUTES. 

I Start sm-i rinse until all salt taste is gone. 
6\ Start fast rinse for ^O-ilS.MiNaTEs. 
7.) Place unit into service. " , 
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TYPICAL DATA SHEET 
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■ FACTORS AFFFtTiriG llATFR STARII r/ATTQ-] 

1. Tp^ERATURE 

2. ° Calcium " . 

3. Total Dissolved Solids - 
^. \ Alkalinity . . • 
5. pH • ■ 
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mCfiUSTATlON 





SCAIC m HEATW UNUSS POIYPHOSPHATE-AOOED 
SUCHT SCAlE-COflROSlON HIGH TEMP.-POIYPHOSPHATE* PRESENT 
NO WfFlCUlTJES UPERlfiNCEO 
COMPtAINTS NEGlt&BLE .1 
NO SCAU OR CORROSION | ' 

■pwcncAuy no reo water compiaints 

ONLY SLIGHT CORROSION AT ISO* F 

SCALE IN MAiNS 
PRACTjCAUy NO COMPLAINTS 
COftftKlON I ^ 
-QUITE CORROSIVE AT 150* F ^ 
•CORROSION IN HOT WATER HEATERS 

CORROSION m COLD WATER UNES 

•SEVERE CORROSION- REO WATER 
SOME CORRDSION IN COLD WATER' WnS 
32 RED WATER COMPLAINTS IN ONE YEAR 
CORROSION IN COLD WATER MAIN?: 
CORROSION IN COLD WATER MAINS * 
^NOMERbuS COMPLAINTS Of RED WATER 
RED WATER ' 



SERIOUS CORROSION AT 140* F *" * 
234 RED WATER COMPLAINTS IN ONE YEAR 
VERY CORRCSIVE AT I5Q* F j 

SEVERE CORROStON-REO WATER 



CORPOSIVE AT 60* F 



■CORROS^E TO COLO WATER VAJNS 

. " I I 

VERY CORROSIVE AT 60* AND JSC* F 
CORROSIO^ IN ENTIRE SYSTEM 

L 



SEVERELY COftSOSlVE TO MAINS AND INSTALLATIONS 



X ScAle Rf ported 
• Compljinti Ntf liiibtff 

O CoToton 



r 
? 
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■ TRArjspARB«:< .112a)S - i5 



TRANSPARENCY 16 "SATURATION PH" REMOVED PRIOR 
TO BEIN(^ SHIPPED, -TO EDRS FOR FILMING DUE TO 
COPYRIGHT RESTRICTIONS.. 
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PREVEITATIVF, miiiTB-wirr 

a. /^curate record of performance". • 
Periodic capacity checks 
Periodic brine flow qiecks 



' . " Periodic CAPACITY CHECKS 



B. Keep Ajj_ parts veil painted to prevent corrosion 

C. Properly treat units vmi they are laid up' 

, -1. For above freezing tenperatures ' ' 

A) Bacwvash and regenerate 
b). Leave a valve open to release any pressure buildup 
2. " For bew^ freezing temperatures ' ^..j ' - 
a) ^Bacw^ash 

^ / b) Fill TANK with strong bbine ' ■ ■ 

* c) Leave a. valve open- to' release any pressure, buildup 
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A. Electrical Safety / • ' 

1. .AU-WYS USE -GROUfNlDED OR DOUBLE INSULATED ELECTRICAL TOOLS VMEN 
K-ORKING ON SOFTENERS, \ ' I 

■ -25* If SOFTENER ms AUTOMATIC COhTTROLS ABWS CONNECT TO AN APPRO" 
• PRIATELY GROUNDED OUTLET. REPLACE ANY WORN OR FRAYED Pa€R CORDS. 

Y% -B. Lifting Heavy Salt Bags 

"' AlWYS LIFT FROM THE KNEES 'TO PREVENT PERSONAL INJURY. - ' 

. C. Eye Protection . ' ' > - 

K AuwYS wear eye protection when'handling SALT or viorking around 

TpE brine .TfNK-. ' . 

2. If salt gets into your eye^ flush with a large quantity of fresh 

. /WATER. - - . . • ■ c 



f. 
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-y^ORATORY COrrTROL 



■ A. BiYSICAL • - . 

1. TpiPERATURE - Final . - . 

2, PRESSURE LOSS .THROUGH SOFTE^ER 

B.' Chemical ■ ' ' , 
^ 1. ■ Alkalinity - Final 

2, Total and calciu-i hardness - Raw and final 

3, Total Dissolved Solids - Final 
■ ^. pH - Final 

5. Soap Test - Final 
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Tbanspabencx iras - m 



Rinse the testing bottle thoroughly, to fill "it to the= 

MARK miH finished ViATER WHEN SOFTENER IS IN SERVICE* 




2., Hold the dropper at a ^5-degree angle and add three G) full 

DROPS OF standard SOAP SOLl/TION, HOLD THE TESTING BOTTLE IN' 
ONE HAND WITH THUf^ CLOSING THE END OF THE BOTTLE AND SHAKE 
• - IT VIGOROUSLY. I'llTH SOFT ViATER C ZERO-SOFT ) A S'JDS WILL BE 
FORMED TVIAT WILL STAND FOR SEVERAL MINl/TES. 

3, I'IhEN a SUDS FORMS im WILL STAND FOR SEVERAL MINUTES THE 
■ SAMPLE TESTS SOFT* , , - ' 

^, If J ON- THE OTHER HAND^ A SUDS IS NOT OBTAINED OR if WILL NOT 
STAND FOR SEVERAL MINUTES^ THE SAf'IPLE "TESTS HARD". 
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CLASS PROBLEMS. 

for , . ^xf. 

Training-Module II2SWS 




CLASS PROBLEM Ml 



PART A. 



1. For a water containing calcium bicarbonate (Ca(HC03)2)» how many 
moles of sodium will* be released for each mole of calcium? 



2/ If a water contained 250 mg/1 of calcium bicarbonate, how much 
will the sodium concentration increase? 



3. 'How much will the total dissolved solids^'increase? 



CLASS PROBLEM 



PART B. 



1. For a water containing jnagnesium sulfate (Mg SO^), how many moles 
■ of sodium wil-1 be released for each mole of magnesium? " 



2r If a water contained 250 mg/1 of calcium bicarbonate and 250 mg/1 

of Magnesium Sulfate, how much will, the sodium concentration increase? 



3. Howftiuch will the total dissolved solids increase? 
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CLASS PROBLEM #2 



1. Match each number with the correct component 

. . . ■■■■ , ■. ■■ X 



fop Manifold 
Outlet Valve" 



Backwash outlet valve " 
Brin o to -»ta&te valv^~ 
Bottom manifol d — 
Backwash control valve 
Inlet valv e 
Brine corttfol valve 






r,- 







' CLASS PROBLEM #3 



A softener fcontains 174 cu; ft. of synthetic zeolite resin 
having a capacity of 11,500 grains per cu'. ft. 

a. If caw water contains 170 mg/1 as CaC03 of hardness, how 
.iiHLny gallons of water will total exhaust the 'softener? 

b. How many gallons of water will exhaust 2/3 the capacity. 
. of the softener? * 

c. How many pounds of salt will be required regenerate a 
• totally exhausteOvSpftener? 

d. Hoiif many pounds of salt will be required to regenerate 
a 2/3 exhausted softener? « 




\ CLASS PROBLEM M 



A water to be zeolite softened has the following chemical and 
physical characteristics:*' - 

Hardness- = 360 mg/1 as CaCOg 
, Alkalinity ='300 ing/l as CaCOs - " 

Calcium = 180 m§/l as CaCOs 
Total Dissolved. Solids^ 800 mg/1 . . 

^. , ^ pH =^7., 3 

Temperature' — 60° F 



a. What percentage of water will have to be, bypassed to achieve 
a^stable water? - ' 

b. What will be the chemical and physical characteristics of . the 
blended water? ' , 

c. What pH should the blended water be adjusted to achieve 
stable water? 
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Handout for II2SVJS -"^Basic Ion Exchange Softening 



I.. Iptroduotion , . ' * 

A. ^What is Hardness " ' • 

•'K Chemical Components " - " ^' 

• ^a) Ca ' . ' , ' . 

; • b) Mg ' . ' ^ 

c) . Other v " - . • * 

2. Types - . - . ^ 

a) Carbonate * ' 

b ) Nbn ca rb^na te ' % * • 

3/ -Typical Hardness in U.S-- « . " ' • - ^ . 

^ . 4. Typical Hardness in Iowa . - ^ ^ * ' " . 

B. What is Softening. 

.1. Removal' of Hardness 

2, Types of Softening , ^ ^ . • 

a) Chemical precipitation 
b; Ion- exchange 

C. Why Soften ^. , . o * 

1. 'Advantages ^ 

a) Consume less soap and detergent, 

b) Increase the life of clothing and othen articles being 
cleaned., . - . . - 

c) = Increase the 'life of pipes and fixtures, heating systems, 

and boiler shells and tubes for depositing water. 

d) ^Certain industrial processes require it, 

e) Some indications that hard water may be the cause of 
certain cardiovascular diseas^es, 

f) Remove radioactive nuclides, - ^ . ' 

2. Disadvantages _ ^ " ' 

^ : - a) With improper control softened water may be more corrosive 
or scaling than the raw water. 
; - . b) If ion exchange softening is used, the sodium content of 
the water is greatly increased with a potential cardio- . 
vascular health hazard to certain people. 
c) If xon^ex change softenin g is used,- the total dissolved 
^' j solids of the product wateFis incr^eased. 
i d) With both processes, a waste sludge or waste brine has 
to be disposed of. 
II- Principles of/ 1 6n Excbartge^ Softening 
A; Softening Reactions . ^ 



f.HCOo 





B. Regeneration Reactions 




Coinponen'ts of Ion Exchange Softener 
A* Softener 

(See Figure 1) • — . — - - 

Brine Tank 
(See Figure 2) / 
Basic Operation of Ion Exchange Sof tender ~ - 

A, Regeneration ^ ■ 

. 1. Backwash softener for, five minutes* or until washwater 
is clear, which ever one is Jonger. ' 
2, Add the required amount of brine to the softener from 
' ttre brine saturator. ' . . • 

•.3, Continue "adding water at a sTow rate until a salt taste 
.is noticed at the wa^te.- * , - 

. " 4. .Discontinue water -addition and allow brine to remain in 
" softener for, 15-30 -m.inutes.. 
5* Start slow rinse untiriall salt taste is gone, 
.6, Start fast rinse for l0-15 minutes. 
7.- Place unit into service. ' . ' 

B, Salt Dosage . .\ ^ 

1. Full exhaustion - ,.5.Jbs/1000 grains removed 

2. 2/3 exhaustion;- .3 Ibs/lOOO grains removed 
Water Stabilization * 

A* Factors affecting water stabilization 

1, Temperature • , ^ 

2, Calcium > \ 

3, Total Dissolved Splids - " \ 
4* Alkalinity , - > 

..5, pH^ - ^ ^ 

,B, Reizener Index' 

SA. = 2 pHs T^pH ' . 
€• Saturation pH ■ * * ^ 

(See Figure 3) . , . ' 

Preventative Maintenance ' . . v ' , 

A, Accurate record of performance ' 

1, ' Periodic capacity checks ' ^ ' 

2. Periodic brine flow checks 

B* Keep all parts well painted to prevent corrosion. 

C, Properly treat units ^when they are laid up 
1- For above freezing temperatures . . ■ 

*a) Backwash and regenerate 
' b) Leave^a valve open to release any pressure buildup 
2. For. below freezing temperatures ^ ^ 

a) Backwash 

b) Fill tank with strong brine . 

c) ' Leave a valve open to release any pressure build up 
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VII.^ Safety ' \ ; ' . • ^ 

A. Electrical Safety . " , ■ _ 

£ 1. Always use grounded or double insulated electrica'l tools when ' ' \ 

working on softeners. ' . • , 

2. If softener has automatic controls always connect to a appropriately 
grounded outlet. Replace any worn or frayecl power\coVtis. 

B. Lifting heayy salt, bags 

^1. Always lift -ferbm the knees to prevent personal injury. 

C. Eye protection ^ 

1. . Always wear eye protection when handling salt or working around. the 

JbrA np tank. - \ 



Z-Tf If salt gets into your eye, flush with a large quantity -of fresh wate 
VJII. Laboratory Control. . - . 

' A. -.Physical • - - ' - — ' ' , 

1. TemiDerature - Final 

2. Pres'sure "loss through softener ^ n - a ^ 
• ' B.* Chemical - ^ . * ^ • 

1. Alkalinity - Final - ' " • 

, 2. total and Calcium Hardness - Raw -and Final 

3. Total Dissolved Solids - Final • ^ „ . - 
4y pH - Finar ' v ' ' 

•.^5. Soap, le^p - Final , - 
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. E1SIC ca"i?o;iE:rrs OF A .soFTEiER 



1. Inlet valve* 
2T*-Backv;ash control valve 
3. 'Outlet valve * 

'Backv/ash outlet valve' 
Brine to waste valvie 
Brine control valve 
Bottom manifold 
Top manifold 



4. 
5. 
6. 
7. 
8. 
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FIGURE II2SWS - 



Ito valve nest 



^ >— RATE SET VALVE 

In 



1 1 



RAW WATER SUPPLY 
GATE VALVE 



BRINE COLLECTOR 



>*-OVERFLOV/ 




SUPPORTS 
BY OTHERS 
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FIGURE, II2SWS - J52 
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Examination foi:^JI2SWS - Basic Ion Exch,ange^Softening" 

\ - . * 

■ ■ ■ . . \ 

\^ - • 

^. Hardness in most waters is cajjs^d b y • an 4 

diva^lent cation ions. * . 

<2. Hardness ions thiit are matched with bicarbonate anions is called 
• haVdness. 



3, Softening is defined. as 



4.- List three advantages of softeni:jg: 



a. • 

b. • 

5. List three disadvantages of ion exchange softening: 

a. ^ ' . 

b. ^ - ' , ' ' . • 

c. , ^ 

6. In ion exchange softening, hardness ions are , removed and replaced with 
^ions: 

7. When^a softener is fully exhausted, it requires ^ lbs of salt'' 

- ' per 1000 grains of hardness removed. 

8. VJhen a softener is 2/3 exhausted, it requires l bs of 'salt per 
1000 grains of^ hardness removed. ^ 

9. List the five factors affecting ^water stabilization. 

.a. - ^ ^ ' ' 

c. - 

; d. . • , 

^ e. 
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10. Match each number with the correct component. 



Top Manifold 

Outlet Valve 

Backwash outlet valve 
Brine to waste valve 
Bottom manifold 
Backwash control valve 

Inlet vslve^ 

Brine control valve 




SOFTENER INTERNAL VIEW 
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TRUE OR FALSE - CIRCLE JHE CORRECT ANSWER 



■ ? 



J 
T 



T 
T 
J 

T 

T 

T 



or 

or 
or 



T ■ or 



or 
or 
or. 

or 

or 

or 



F 
F 



F 
F 
F 

F 

F 

F 



11. When a softener is regenerated, the brine should never'.be 
allowed to sit in contact with the resin for any length 
of time. ' 

12. A properly stabilized water always has a pH"of 7.0. " • 

T3. > When a softener is laid up in freezing temperatures it / 
.- should always be left with Brine in the"^tank. j y 

14. The soap test can give a quick determination for headless 
across»the softener. 

15. When water contains CaS04 it is* considered aoncarbonate. 

16. Radioactive particles are removed by ion exchange softening. 

17. Total dissplved solids always decrease with ion exchange ^ 
softening. - . ^ 

18. The majority of- ton exchange reactions occur inside the 
resin particles. 

19^ It IS cheaper to operate a softener at full exhaustion 
' ' than at 2/3 exhaustion. * ^ 

20. Zero soft water is always stable and never needs any 
chemical adjustment." 
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